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@ Combination tiierapy using anti-tumor monoclonal antibodies and/or immunotoxins with 
interleukin-2. 



® Anti-tumor activity in humans can be augmented by administering to the mammalian host a pharmacologi- 
cally effective amount of mammalian IL-2 and at least one immunotoxin tiiat binds selectively to human tumor 
cells and/or at least one monoclonal antibody that binds selectively to human tumor cells. The IL-2 and 
N immunotoxin and/or antibody are preferably administered separately to the hosL The compositions and 
^medications of tiie invention are useful for prophylactic or tiierapeutic treatment of such cancers as ovarian and 
^breast cancer. 
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COMBINATION THERAPY USING ANTI-TUMOR MONOCLONAL ANTIBODIES AND/OR IMMUNOTOXINS 

WITH INTERLEUfaN-2 

This invention relates to use of a combination of int6rleukin-2 and at least one monoclonal antibody 
and/or immunotoxin directed against tumor ceils in the therapeutic or prophylactic antitumor treatment of 
mammals using simultaneous or alternate administration of these components. 

lnterieukln-2 (IL-2)p a fymphokine produced by normal peripheral blood lymphocytes that induces 
5 proliferation of antigen or mitogen stimulated T cells after exposure to plant lectins, antigens, or otiier 
stimuli, was first described by Morgan, D. A, et aL, Science (1976), 1^ :1007-1008. Then called T cell 
growtii factor because of its ability to induce proliferation of stimulated T lymphocytes, now lnterleukin-2 is 
recognized as modulating a variety of functions of immune system cells m vitro and in vivo. 

IL-2 was initially made by cultivating human peripheral blood lymphocytes (PBL> or otfier IL-2-producing 
70 cell lines. See, for example, U.S. Patent No. 4,401,756. Recombinant DNA technology has provided an 
alternative to PBLs and cell lines for producing IL-2. Taniguchf, T. et ai.. Nature (1983), 302:305-310 and 
Devos, R., Nucleic Acids tesearch (1983), 11:4307-4323 have reported cloning the human IL-2 gene and 
repressing it in microorganisms. 

U.S. Patent No. 4.518,584 describes and claims muteins of lL-2 in which the cysteine normally 
75 occurring at position 125 of the wild-type or native molecule has been replaced witii a neutral amino add, 
such as serine or alanine. U.S. Patent Nos. 4,530.787 and 4,569,:;^ disclose and dafm methods for 
purifying recombinant native IL-2 and muteins thereof, as well as tiie purified form of IL-2. 

U.S. Patent No. 4.604.377 issued August 5, 1986 discloses an IL-2 composition suitable for recon- 
stituting in a pharmaceutically acceptable aqueous vehicle composed of oxidized microbially produced 
20 recombinant IL-2. The IL-2 is noted as useful in combination witii cytotoxic chemotherapy or irradiation or 
surgery In the treatment of malignant or pre-malignant diseases in a direct therapeutic or adiuvant setting or 
in combination witii otiier Immune-modulating drugs, lymphokines (e.g., IL-1, IL-3, GSFI and tFNs), or 
naturally occum*ng or inducible anti-cellular toxins. 

Rosenberg and his coworkers have shown that systemic administration of recombinant IL-2 in high 
25 doses causes regression of established metastatic cancers in mice (Rosenberg et al., J. Exp. Med. (1985) 
161:1169-1188); and. in conjunction wWi lymphoklne-activated killer cells (Rosenberg, S. et al.. New Eng. J. 
Med. (1985). 313:1485-1492). and tumor-^nflltrating lymphocytes (Rosenberg et al.. Science (1986) 
233:1318-1321). in humans. 

Since the mid-1970s, there have been numerous reports of murine monoclonal antibodies that interact 
30 witii human breast cancer associated antigens. In tiiese reported studies, mice were immunized and 
boosted witii human milk fat globule protons, breast cancer c^l lines or breast cancer membrane extracts. 
Immune splenocytes were fused witii mouse myeksma cells and hybridomas were selected based on some 
specificity of the culture supernatant for breast or breast cancer antigens. Taylor-Papadimib-iou, J. et al.. Int. 
J. Cancer (1981) 28:17-21; Yuan. D., et al., JNCI (1982) ©^719-728; Ciocca, D. R. et al.. Cancer Res. - 
35 (1982) 42:4256-4258. 

More recentiy, investigators at Cetus Corporation have discovered murine monoclonal antibodies tiiat 
bind selectively to human breast cancer ceBs, are Ig3s or IgMs, and, when conjugated to ricin A chain lo 
fonn an immunotoxin, exhibit a tissue culture inhibitory dose which results in 50% of control (untreated) 
protein synthesis (TCID 50%) at immunotoxin concenti-ations of less tiian about lOnM against at least one 

40 of MCF-7. CAMA-1, SKBR-3, or BT-20 cells. These antibodies are described more fully in EPC Patent 
Pubiicab'on No. 153,114 pubDshed August 28, 1985. 

In addition, researchers at Cetus Corporation have discovered murine monoclonal antibodies which do 
not bind to blood cells, have a breast tumor binding range of at least 0.25 (i.e., tiiey bind to at least 25% of 
breast tumors tested) or have a breast cancer cell line binding range of greater tiian or equal to 0.25. have 

45 a normal tissue reactivity as defined below for human breast and/or ovarian cells equal to or less than 0.09, 
are IgGs or IgMs, and, when conjugated to an imaging moiety, produce a signal sufficient to image breast 
cancer tumors. These antibodies include most of ttiose described above and are described more fully in 
Biropean Pat. Pub. No. 220.858 published May 6, 1987. 

Immunotoxins, which are comprised of an antibody conjugated to a toxin, have been used for therapy of 

50 various cancers to which the antibody Is specific. Certain immunotoxin molecules may be too large to reach 
the tumor cells efficientiy due to poor diffusion out of capillaries. 
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Combination chemotherapy using two or more anti-cancer drugs to treat malignant tumors In humans is 
cunrently in use in research and in the dinic. The anti-cancer drugs may be antimetabolites, alkylating 
agents, antibiotics, general poisons, etc. Combinations of drugs are administered In an attempt to obtain a 
synergistic cytotoxic effect on most cancers. e.g.. carcinomas, melanomas, lymphomas and sarcomas, and 
5 to reduce or eliminate emergence of drug-reslstant cells and to reduce side effects of each drug. 

Dr. Rosenstein et al.. J. Immunol (1986) 137:1735-1742 disclosed tfiat IL-2 increases ttie vascular 
permeability and rate of serum albumin diffusion into organs. Lotze at al., J. Immunol. (1985) 135:2865 
disclosed tiial reversible fluid retention problems result from IL-2 administration. 

To applicants' knowledge no one has administered immunotoxin and/or RK)noclonBl antibody and IL-2 to 
70 decrease or eliminate tumor burden. 

Accordingly, tiie present invention provides a composition suitable for parenteral or subcutaneous 
administration to a warm-blooded mammalian host for tiierapeutic or prophylactic treatment of tumor burden 
comprising a mixture, in pharmacologically effective amounts, of IL-2 from a mammalian species and at 
least one monoclonal antibody and/or immunotoxin tiiat binds selectively to cells containing tiie tumor 
75 burden. 

In anotiier aspect, tiie Invention provides a mettiod for tiierapeutic or prophylactic treatment of tumor 
burden in a wami-blooded mammalian host comprising administering to said host a pharmacologically 
effective amount of a combination of IL-2 from a mammalian species and at least one monoclonal antibody 
and/or immunotoxin that binds selectively to cells containing the tumor iMirden. 

20 Preferably the IL-2 is a recombinant human IL-2. and tiie monoclonal antibody employed akme and/br 
in the immunotoxin selectively binds to human breast and/or ovarian cancer cells and has a Q or M isotype. 
and the tumor burden line treated is breast and/or ovarian cancer. 

The combination of IL-2 lmmunotoxin(s) and/or antDbody(ies) in pharmacologically effective amounts is 
expected to provide suitable treatment of a variety of fonns of cancer, espectaiiy breast and ovarian 

25 cancers. 

The Invention includes tiie use of a combination of iL-2 from a mammalian species and at least one 

monoclonal antibody that binds selectively to human tumor cells and/or at least one immunotoxin tiiat binds 

selectively to human tumor cells in providing a medication for tiie tiierapeutic or prophylactic treatment of 

tumor burden in a warm-blooded mammalian host 
30 Preferably, tiie IL-2 from a mammalian species and at least one monoclonal antibody that binds 

selectively to human tumor cells and/or at least one Immunotoxin tiiat binds selectively to human tumor 

cells are to be administered separately. 

In yet anotiier aspect tfie Invention includes a composition suitable for parenteral or subcutaneous 

prophylactic treatment of tumor burden comprising a mixture, in pharmacdogicaily effective amounts, of IL- 
35 2 from a mammalian species and at least one monoclonal antibody ttiat binds selectively to human tumor 

cells. 

A furttier aspect of tiie invention Is IL-2 from a mammalian species and at least one immunotoxin ttial 

binds selectively to cells containing tiie tumor burden and/or at least one monoclonal anti'body that binds 

selectively to human tumor cells for use in a mettiod for tiierapeutic or prophylactic f eatment of tumor 
40 burden In a warm-blooded mammafian host comprising administering to said host a pharmacologically 

effective amount of a combination of said lL-2. lmmunotoxln(s) and/or antibodyfies) optionally wfth tiie 

components of said combination to be administered separately to the host 

The invention also includes a process for tiie preparation of a composition suitable for parenteral or 

subcutaneous administration to mammalian hosts for tiier^utic or prophylactic treatment of cancer 
45 comprising mixing together or fonmulating for such use IL-2 firom a mammalian species and at least one 

monoclonal antibody ttial binds selectively to human tumor cells and/or at least one immunotoxin that binds 

selectively to human tumor cells. 

The tennn "tiierapeutic" treatment refers to administration to tite mammalian host or patient of ttie IL-2 

and lmmunotoxin(s) after ttie patient has developed cancer, (i.e.. after a tumor bunJen has been deter- 
so mined), as measured by any means in tiie art, witii resultant decrease or elimination of tiie existing tumor 

burden. 

The term "prophylactic" treatment refers to such administration to prevent recurrence of the cancer 
after therapeutic treatment has been administered. 

The terms "cancer" and "tumor burden" refer to any neoplastic disorder, including such cellular 
55 disorders as. for example, renal cell cancer. Kaposi's sarcoma, chronic leukemia, breast cancer, sarcoma, 
prostate, pancreatic endometrial, and ovarian carcinomas, rectal cancer, tiiroal cancer, melanoma, colon 
cancer, bladder cancer, mastocytoma, lung cancer and gastrointestinal or stomach cancer. In tiie mettiod of 
tiie invention, tiie target tumor burden is advantageously breast and/or ovarian cancer. 
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The term "pharmacologically effective amount" refers to the total amount of each active component of 
the method or composition hen^n that Is suffident in showing a meaningful patient t)enefit i^.» prolongation 
of life and/or reduction of disease. When the effective amounts defined herein are employed, more efficacy 
is obtained using the combination than using either component alone. As applied to an individual actiye 

5 ingredient administered atone, the term refers to that ingredient alone: when combinations are used, the 
Xem refers to combined amounts in the preparation that result in the therapeutic or prophylactic effect 

The term "recombinant" refers to IL-2 produced by recombinant DNA techniques wherein generally the 
gene coding for the IL-2 is cloned by known recombinant DNA technology. For example, the human IL-2 
gene is inserted into a suitable DNA vector such as a bacterial plasmid, preferably an E, coll plasmid, to 

70 obtain a recombinant plasmid, and the plasmid is used to transform a suitable host The gene is expressed 
in the host to produce the recombinant protein. Examples of suitable recombinant piasmids for this purpose 
Include pBR322, pCRI, pMB9 and pSC1. The transformed host may be prokaryotic or eukaryotic, including 
mammaliaa yeast Aspergillus and insect cells. One prefenred embodiment herein, but not the only 
prefened embodiment employs bacterial cells as the host 

IS The term "pharmaceutically acceptable" refers to a canrier medium that does not Interfere with the 
effectiveness of the biological activity of the active Ingredients and that is not toxic to the hosts to which it is 
administered. 

As used herein, the term "monoclonal antiixdy" means an antibody compo^tion having a homo- 
geneous antibody population. It Is not intended to be limited as regards the source of the antibody or the 

20 manner in which it is made. 

The term "immunotoxin" as used herein refers to a conjugate of an antibody or fragment of an antibody 
and a cytotoxic moiety. The antibody or fragment ttiereof employed must bind selectively to human tumor 
cells and be effective in an Immunotoxin. The antibody is chosen from those described hereinafter if it is 
effective in the coniugated fonn. The cytotoxic moiety of the inrununotoxin includes a cytotoxic drug or an 

25 enzymatically active toxin of bacterial or plant origin or an enzymatically active fragment ("A chain") of such 
a toxin. Examples of enzymatically active toxins and fragments tiiereof include diphtheria A chain, 
nonbinding fragments of diphttieria toxin, exotoxin A chain (from Pseudomonas aeruginosa) , ricin A chain, 
abrin A ch^, modeccin A dmin. alpha-sardn. Aleurites fordll proteins, dianttiin proteins. Phytolacca 
americana proteins (PAPI. PAPII. and PAP-8), momordica charantia inhibitor, curcin. crotin. saponaria 

3a officinalis inhibitor, gelonln, mitogellin, restrictocin, phenomycin, and enomycin. Ricin A chain, nonbinding 
active fragments of diphttieria toxin, abrin A chain, and PAPil are preferred. Most prefenred Is the ricin A 
chain. 

As used herein, tiie term "sefective binding to human tumor cells" refers to preferential binding of ttie 
antit>odies of tiie immunotoxin to human cells that are cancerous or exhibit cancerous growth or other 

35 properties characteristic of cancer. The antibodies of tiie immunotoxins do not preferentially bind to normal 
healtiiy cells. Examples of such tumor cells include leukemia cells, prostrate cancer cells, colorectal cancer 
cells, breast cancer cells, ovarian cancer cells, rectal cancer cells, tiiroat cancer cells, melanoma cells, 
colon cancer cells, bladder cancer cells, lung cancer cells, and gastrointestinal or stomach cancer cells. 
Most preferably, the antibodies of tiie immunotoxins selectively bind to breast andtor ovarian cancer cells, 

40 as opposed to binding to nonnal, non-cancerous cells. 

As used herein witii respect to tiie exemplified monoclonal anti-human breast cancer antibodies of the 
Immunotoxins. tfie tenm "functional equivalent" means a monoclonal antibody ttiat (a) has a breast tumor 
binding range of at least 0.25 or has a breast cancer celt line range of greater than or equal to 0.25: (b) 
binds selectively to human breast cancer cells; (c) has a G or M Isotype; and (d) binds to tiie same antigen 

45 or epitope as tiie exemplified monoclonal antibody, as determined by Immunopredpitafion or crossbfecking 
and sandwich immunoassay. 

As described above, the tenn "functional equivalent" as used herein includes four criteria The last of 
these criteria, binding to tiie same antigen or epitope as an exemplified monoclonal antibK>dy, may t>e 
demonstrated by experiments whtoh show crossblocking of an exempnfled monoclonal antibody by tim 

so functionally equivalent monoctonal antibody. Crossblocking occurs as a result of an antibody binding to tiie 
same epitope on an antigen as that bound by one of the exemplified antibodies, or as a result of an 
antikKxjy binding to a different epitope which is so closely situated on the same antigen that binding of an 
antibody to one epitope blocks the binding of an antibody to the second epitope. Crossblocking thus is one 
of the criteria by which one can determine that a functionally equivalent monoclonal antibody binds to the 

55 same antigen or epitope as an exemplified monoclonal antibody. 
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So-called "sandwich" assays are another method for determining whether an antibody of the Im- 
munotoxln binds the same antigen or epitope. In these assays, a first monoclonal antibody If bound to a 
support, for example, ttie surface of a microtitre plate well. After treatment to prevent nonspecific bindmg, a 
solublilzed antigen preparation is added to the bound antibody. Subsequentiy. a second antibody, having a 
6 detectable label, for example, a chromogenic enzyme, is added. If tiie second antibody binds to ttie 
antigen, a different epitope specifidty or multiple copies of ttie same epitope on ttie same antigen are 
indicated. If ttie second antibody fails to bind, eittier ttie same epitope specificity or different but proximal 
artlgen speclflcfty Is Indicated. The results of botti the crossblocking and sandwich assay are furttier 
defined by a second series of tests such as Immune precipitation or Western blotting to characterize ttie 
70 molecular weight(s) of ttie antigen(s) bound by botti antibodies. 

The American Type Culture Collection (ATCC). Rockville. MD USA has a wide variety of cell lines on 
deposit which produce monoclonal antibodies to target tumors. For example, cell lines producing mon- 
oclonal antibodies to human non-small cell lung cancer include 703D4 (deposited as ATCC No. HB8310). 
Cell lines producing monoclonal antibodies to human melanoma cells include 704A1 (deposited as ATCC 
15 No. HB8302). Cell lines producing monoclonal antibodies to small cell carcinoma include the cell lines 
deposited as ATCC HB8462 and ATCC HB8711. Cell lines producing antibodies to pancreatic carcinoma of 
ductal origin include ttie hybridoma deposited as ATCC HB8504. A cell line producing antibodies which 
bind to an epitope present on adenocarcinomas of ttie stomach, coton. and pancreas, and to esophagus, 
breast and ovarian tumors, known as CSLEX1, is deposited as ATCC HB8580. 
20 Conjugates of ttie antibody and cytotoxic moiety may be made using a variety of bifunctional protein 
modifying reagents. Examples of such reagents include N-succinimidyl-3-(2-pyridyldrthlo) propionate 
(SPDP), iminottiiolane (IT), bifunctional derivatives of imidoesters such as dimettiyl adipimidate • HCI. active 
esters such as disuccinimidyl suberate. aidehydes such as glutaraldehyde. bis-azido compounds such as 
bis (p-azidobenzoyi) hexanedlamine. bis-diazonlum derivatives such as bis-(p-diazonium-benzoyI)- 
ettiylenediamine. dilsocyanales such as tolylene-2.6<nisocyanalB. and bis-acttve fluorine compounds such 
as 1.5-difluoro-2,4-dinltrobenzene. 

The mettiod of ttiis invention involves administering to a warm-blooded mammalian host. Including a 
mouse, rat, rabbit, primate, pig or human host preferably a human patient a pharmacologically effective 
amount of IL-2 and one or more monoclonal antibodyOes) and/or Immunotoxins tiiat selectively bind to 
human tumor cells. The IL-2 and monoclonal antibody(ies) and/or Immunotoxln(s) may be combined in vHro 
before administration If neittier is adversely affected chemically and botfi remain efficacious. Preferably^ 
however, tiiey are separately administered to ttie patient. In eittier order or simultaneously. An example is 
ttie protocol set fortti in Examples 1 and 2 hereof, wherein ttie IL-2 and Immunotoxin are administered 
separately. 

The administration(s) may take place by any suitable technique, Including parenteral administration. 
Examples of parenteral administration Include intravenous, intraarterial, irtramuscular, subcutaneous, and 
intraperitoneal, witti intravenous. Intramuscular and intraperitoneal administration being preferred. 

As an example, ttie patient/host may be treated locally (as by peritumor or Intramuscular injection) or 
systemlcally wtth a preparation having IL-2 activity until ttie capillaries begin to leak large proteins (about 6 
40 days). Then ttie Immunotoxin may be administered witti or wHhout ttie IL-2 for ttie prescribed duration of 
treatment Alternatively, immunotoxin can be administered from day 1 of treatment Local treatment with IL- 
2 to promote immunotoxin action may be followed wItti systemic (e.g., intraperitoneal or intravenous bolus) 
administration of IL-2 and immunotoxin. 

The dose and dosage regimen will depend on whetiier ttie IL-2 and antibodyOes) and/or immunotoxin- 
45 (s) are being administered separately or as a mixture, ttie type of antibody(ies) and/or immunotoxin(s) and 
cancer, ttie patfentmost and ttie patient's history. The amount must be effective to achieve some tumor 
reduction or augmentation of LAK activity. The doses may be single doses or multiple doses. If multiple 
doses are employed, as prefen^d, ttie frequency of admlnist^tion will depend, for example, on tfie type of 
component cancer, dosage amounts, host etc. For some types of cancers, daily administration may be 
50 effective, whereas for ottier types of cancer, administration every ottier day or every ttiird day may be 
effective, but daily administiBtion ineffective. The practitioner win be able to ascertain from cHnlcal trials 
which route of adminlsti^n and frequency of administration are most effective in humans in any particular 
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The dosage amount which appears to be most effective herein is one which results in regression in size 
of the tumor or complete disappearance or non-reappearance of the tumor, and is npt toxic or is acceptabiy 
toxic to the host Generally, such conditions as fever, chiHs and general malaise are considered acceptable. 
This optimum dose level will depend on many factors, for example, on the type of host and type of cancer, 
5 route, schedule and sequence of administration, existing tumor burden, the type of iL-2 and antibody(ies) 
and/or immunotoxin(s). and the definition of toxicity. 

Toxicity to the host may be defined by the extent and type of side effects, with fever, chilis and general 
malaise considered acceptable toxicity for the study herein, or sometimes by the amount of body weight 
gain or by death after a certain period of time. The reversible fluid retention in the body resulting from IL-2 f 
70 administration is disclosed by I-otze, et al., J. Immunol. , 135:2865 (1985). If body weight gain is the criterion 
for toxicity, typically a gain of from 10 to 20% by weight will be tolerated, with greater than 20% gain being 
considered toxic. 

If there is acceptable toxicity, ff the host is Immunocompetent and If the routo of administration is pre* 
tL-2 treatment and/or concunrent administration of IL-2 dally for 14 days beginning at day 1 post-treatment 

75 and of antibody(ies) every other day or every third day beginning at day 1, the dosage level for each 
administration of recombinant microbiaily produced IL-2 and an anti-breast cancer monoclonal anybody is 
preferably about 3-3.75 x 106-7.5 x 10^ units (U) IL-2 per kg of host weight (where 3000 units is 1 ug). 
based on maximum tolerated dose studies, and from about 25 to 50 mg/kg of host weight of antibody. 
If there is acceptable IxMicity, and If there Is pretreatment with recombinant microbiaily produced lL-2 

20 and/or concurrent administration daily for 14 days of the IL-2 and for 7 days of immunotoxin beginning at 
day 1 post-treatment the dosage level of each administration of immunotoxin made with the anti-breast 
cancer antibody is 25 to 500 ug/kg of host weight of immunotoxin. The IL-2 level is that given above. If the 
host Is immuno-compromlsed nude mice, which have a genetic deficiency), tiie maximum tolerated 
dose may be lower. 

25 In one preferred embodiment the IL-2 is given at the maximum tolerated dose dally for one week 
followed by giving one-half the maximum tolerated dose of lL-2 with concomitant administr^on of the 
maximum tolerated dose of antibody or immunotoxin. 

For parenteral administration the iL-2 and antibody(ies) and/'or immunotoxin(s) will generally each be 
formulated in a unit dosage injectable torm (solution, suspension, emulsion), preferably in a pharmaceuti- 

30 caily acceptable carrier medium that is inherently non-toxic and non-therapeutic. Examples of such vehicles 
include saline. Ringer's solution, dextrose solution, mannitol, and normal serum albumin. Non-aqueous 
vehicles such as fixed oils and ethyl oleate may also be used. The canier medium may contain minor 
amounts of additives such as substances that enhance isotonicity, solublfity, and/or chemical stability, e.g., 
buf^, detergents, and preservatives. The lL-2 and anfibody(les) andAor immunDtoxln(s) will typically each 

35 be formulated In such earners at a concentration of about O.lmg/ml to lOOmg/ml. preferably 0.2 to ImgAnL 
Aitematively, the IL-2 and antibody(ies) and/or immunotoxin(s) may be made into a sterile, stable 
lyophillzed formulation in which the purified IL-2 and antibody(ies) and/or immunoyoxin(s) are admixed with 
a water-soluble carrier such as mannitol, which provides bulk, and about 500 u.g of a surfactant such as 
sodium dedecyl sulfate per mg of iL-2 or 0.01-0.05% in typical tomnuladons to ensure the solubiiity of the 

40 recombinant IL-2 in water, ff the antibody/immunotoxin is still active at such concentrattons. The formulation 
Is suitable for reconstitution in aqueous injections for parenteral administration and it is stable and well- 
tolerated in the mammalian host, particularly in human patients. The IL-2 fomnutation metiiod is more 
completely described in U.S. Patent No. 4.604,377 issued August 5, 1986. 

In an alternative IL-2 formulation of PCT Publication No. WO87/00056. published January 15. 1987. tiie 

45 IL-2 may be solubiiized, not by a detergent but by reacting the IL-2 witti an activated polymer selected 
from polyetiiylene glycol homopolymers and polyoxyettiylated polyols. said polymer having a molecular 
weight of from 300 to 100.000 daltons. preferably 350 to 40,000 daltons. The polymer is activated tenninal * 
groups reactive with both the free amino or thiol groups of the IL-2 and the hydroxyl group of the polymer. 
Bcamples of such coupling agente Include hydroxynitrobenzene sulfonic ester, cyanuric add chloride, and 

50 N-hydroxysuccinimide. This modification eliminates ttie necessity of adding detergente to solubliize ttie IL-2 
at physiological pH. The IL-2 is tfien fennulated directiy witii the water-soluble carrier and buffer as 
described above, and the fomiulation may be lyophiHzed and the lyophillzed mfocture reconstituted as 
described above. 

As mentioned above, it is prefenred not to admix the componente, but rather to administer tiiem 
55 separately. If the formulation contains two or more of tiie componente, the relative amounte of each may 
vary wittiin tiie ranges described above depending on tiie efficacy obtained. 
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The IL-2 herein may be any IL-2 prepared from tissue cultures or by recombinant techniques, and from 
any mammalian source such as, e.g., mouse, rat, rabbit, primate, pig, and human. Preferably the IL-2 Is 
from a human source. More preferably the IL-2 Is recombinant 

The recombinant IL-2 may be obtained as described by Tanlguchi et ai., Nature , 302:305-310 (1983) 

5 and Devos, Nucleic Adds Research, 11:4307-4323 (1983) by cloning the native human IL-2 gene and 
expressing it in transfbnmed microorganisms. It may also be an IL-2 mutein as described In U.S. Patent No. 
4,518,584, In which the cysteine normally occuning at position 125 of the wild-type or native molecule has 
been replaced by a neutral amino add such as serine or alanine, or an IL-2 mutein in which the methionine 
normally occuning at position 104 of the wild-type or native molecule has been replaced by a neutral amino 

10 acid such as alanine. 

In one embodiment, the IL-2 is an unglycosylated protein which is produced by a microorganism which 
has been transformed with the human cDNA sequence or a modified human cDNA sequence of IL-2 which 
encodes a protein with an amino acid sequence at least substantially identical to the amino add sequence 
of native human IL-2, Including the ability to form the disulfide bond between the cysteines at positions 58 

16 and 105, and has biological actwities which are common to native human IL-2. The IL-2 may also be 
produced from yeast or other hosts, as described above. Substantial identity of amino acid sequences 
means the sequences are Identical or differ by one or more amino add alterations (deletions, additions, 
substitutions) which do not cause an adverse functional dissimilarity between the synthetic protein and 
native human IL-2. Examples of IL-2 proteins with such properties include those described by Tanlguchi et 

20 al.. Nature (1983), 302:305-310: Devos, Nucleic Adds Research (1983), 11:4307-4323; and by European 
Patent Publication Nos. 91,539 and 88,195; in U.S. Patent 4518,584, supra. Most preferably, the IL-2 is the 
des-al8i-iL-2Mn25 mutein in which the N-temninal alanine of the native iL-2 Is deleted and the cysteine at 
position 125 of the native IL-2 is replaced by a serine residue, the des-alaHL-2 alaioiseris mutein In which 
the methionine at position 104 of the native IL-2 Is replaced by an alanirie residue and the cysteine at 

25 position 125 is replaced by a serine residue, or IL-2 wherein any combination of up to fhre of the first five th 
terminal amino acid residues are deleted. 

IL-2 may be produced and purified to clinical purity by the method described and claimed In U.S. 
Patent No. 4,569,790, Issued February 11, 1986. 

The antibodies useful herein are produced from hybridon^ prepared from antltxxly-produdng fusion 

30 partners. Such fusion partners are generated by immunizing mice with Ih^e human cancer cells, such as 
breast cancer cells, or membrane extracts made therefrom. The mice are inoculated intraperitoneally with 
an immunogenic amount of the cells or extract and then boosted with similar amounts of the Immunogen. 
Spleens are collected from the Immunized mice a few days after the final boost and a cell suspension is 
prepared therefrom for use in the fusion. 

35 Hybridomas are prepared from the splenocytes and a murine tumor partner using the general somatic 
cell hybridization technique of B. Kohler and C. Milstein, Nature (19^) 256:495-497 as modified by Buck, 
D. W. et al., Iji Wro (1982) 18 .'377-381. Available murine myeloma lines, such as those from the Salk 
Institute. Cell Distribution Center, San Diego, Callfbmla. USA. may be used In the hybridizatkxi. Basically, 
the technique involves fusing the tumor cells and splenocytes using a fusogen such as polyethylene glycol. 

40 After the fusion the cells are separated from the fusion medium and grown In a selective growth medium, 
such as HAT medium, to eliminate unhybridized parent cells. The hybridomas are expanded, if desired, and 
supematants are assayed for antMuiman cancer activity by conventional Immunoassay procedures (e.g., 
radioimmunoassay, enzyme immunoassay, or fluorescence Immunoassay) using the Immunizing agent 
(cancer cells or membrane extract) as antigen. Positive clones are characterized further to determine 

45 whether they meet the criteria of the antibodies herein, i.e., whether they selecth^ly bind to human tumor 
cells. 

Hybridomas that produce such antit)odies may be grown in vitro or in vivo using known procedures. 
The monodonai antibodies may be isolated from the culture media or body fluids, as the case may be, by 
conventional immunoglobulin purification procedures such as anunonlum sulfate predpitation, gel eiec- 
50 trophoresis, dialysis, chromatography, and uttrafiltration. If desired. 

The prefenred monoclonal antibodies (e.g. for the immunotoxins) herein bind selectively to human 
breast and/or ovarian cancer cells, and, ttierefore, such cells are used as immunizing agent in tiie above- 
described protocol. 

The important characteristics of tiie preferred monoclonal antibodies (e.g. for the immunotoxins) are (1) 
55 their Immunoglobulin class, (2) ttielr selectivity for human breast and/or ovarian cancer cells, (3) tiie range 
of human breast cancer cell fines to which tttey bind, and (4) ttie range of human breast tumor frozen 
sections to which tiiey bind, and (5) ttieir ability to fonm an active immunotoxin. 
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The selectivity and range of a given prefenred antibody (e.g. for tfie Immunotoxin) is detemilned by 
testing it against panels of (1) human breast cancer tissues and cells and (2) normal human tissues or cells 
of breast or other origin. In selecting the prefenred dass of antibodies, approximately 22,000 growing 
hybridoma cultures were Initially screened against tiie Immunizing breast tumor membranes or cell line, a 

5 panel of seven normal tissue membranes, a fibroblast cell One, and a breast tumor frozen section. Clones 
that reacted witii tfie neoplastic materials, but not witii the normal materials, were identified in this initial 
screen and chosen for isotyping and additional screening for selectivity and range. The additional screening 
involved: sixteen nonnal tissue sections, five normal blood cell types, eleven non-breast neoplasm sections, 
twenty-one breast cancer sections, and fourteen breast cancer cell lines. 

70 For tite prefen-ed antibodies (e.g. for the immunotoxins, the words "specificity" and "nomnal tissue 
reactivity" are used interchangeably and are defined as tite sum of the number of substructures stained in 
sixteen normal tissue frozen sections and tfie number of blood cell types bound, divided by tiie sum of ttie 
total number of substructures bound by any of tiie monoclonal antibodies in all tiie tissue on which the 
monoclonal antibodies were tested and five blood cell types tested. 

IS The term "tumor range' is defined as the number of breast tumor frozen sections stained dMded by 
tiie number of breast tumor frozen sections tested. The term breast cancer "cell Gne range" is defined as 
the number of breast cancer cell lines stained divided by tiie number of breast cancer cell lines tested. The 
antitwdies of the immunotoxins herein preferably have a normal tissue reactivity equal to or less tiian 0.09, 
and a breast tumor binding range of equal to or greater tiian 0.25 or a breast cancer cell line binding range 

20 of equal to or greater than 0.25. 

Antibodies of five of the thirty-tiiree deposited hybridomas herein were found to recognize the same 
200 K dalton antigen. Antibodies of four of tiie ttiirty-tiiree bound to a 240 K dalton intracellular antigen. 
Three bound to one or more high molecular weight mucins (HMW) and two bound to transferrin receptors in 
the fonm of a 95 K dalton antigen. All antigen weights mentioned herein were determined by sodium 

25 dodecyi sulfate (SDS) polyacrylamide gel electrophoresis under reducing concDtfons using procedures 
known In the art 

The immunotoxins herein may be prepared by conjugating a toxin as described above, such as ricin A 
chain, to one of the above-descrit)ed antibodies using the coupling agents defined above. The technique for 
preparing such Immunotoxins is described in EP Publication No. 153,114, published Febnjary 8. 1985. 
30 The following examples provide a detailed description of tiie ^preparation and characterization of 
representative monoclonal antibodies for conjugation as well as an immunotoxin for use wRh lL-2 in 
acconjance wWi tfiis invention. These examples are not intended to limit tiie Invention In any manner. In tiie 
examples, all parts and percentages for solids are given by weight-weight unless otfierwise Indicated, and 
all parts and percentages for liquids are gwen by volume/volume unless otherwise indicated. 

35 

Example I A 

Antibody Characterization 

40 

Fresh post-surgical human t)reast cancer tissue and a variety of normal tissues were used to prepare 
membrane extracts by homogenization and discontinuous sucrose gradient centrifugation. Human breast 
cancer cell lines were obtained from the Breast Cancer Task Force, ft-om tfie American Type Culture 
Collection (ATCC), and from Dr. Jorgen Fogh at Memorial Sloan Kettering. The cells were maintained and 
45 passaged as recommended by tiie Breast Canc«r Task Force, tiie ATCC, and Dr. Fogh. For immunizations, 
eltiier membrane extract containing 100 ug of protein (Lowry assay) or ten milfion live breast cancer cells 
were Inoculated intraperitoneally into five-week-old Baib/c mice. The mice were boosted identically twice at 
montiily intervals. Three days after tfie last boost tfie spleens were removed for cell fusion. 

50 

Hybridoma Metfiods 

Somatic cell hybrids were prepared by tiie metiiod of Buck, D. W.. et al, supra, using tfie murine 
myeloma line Sp-2/0/Ag14. All hybridoma cell lines were cloned by Omiting dilution. Half of tiie fusions 
65 employed spienocytes from mice immunized witti breast cancer membrane extracts and half used 
splenocytes from mice Immunized witfi live breast cancer cell lines. Bghty-tiiree ttiousand four hundred 
twenty-four wells were generated from tfiose fusions, of which 22,459 exhibited hybridoma growtfi. 
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Screening Methods 

Hybridoma supernatant was assayed for reactive antibody In erther a solid phase enzyme-linked 
immunosorbent assay (EUSA) with the immunizing breast cancer membrane extract or an Indirect 

5 Immunofluorescence assay with the immunizing breast cancer cell line. For the solid phase membrane 
EUSA, 40 ul of 0.1 mg/ml breast cancer membrane protein wer placed in polyvinyl chloride (PVC) 
microtiter wells for 12 hours at 4*C. The extract was aspirated and the wells were washed with phosphate 
buffered saline (PBS) containing 1% bovine serum albumin (BSA). The wells were then Incubated with 45 ul 
of a 1:10 dilution of hybridoma supernatant. The diluent was medium with 25 mM of a buffer. 10% bovine 

10 serum, and 0.1% sodium azide. After 30 minutes at room temperature, the wells were again washed and 
incubated 45 minutes at 37*C with a 1:200 dilution of peroxidase conjugated goat anti-mouse IgG. The 
diluent was PBS. The wells were then washed with PBS and reacted with 200 m of 15-azinodK3- 
ethylbenzttiiazollne sulphonic acid) in 0.1 M sodium citrate buffer pH 4.2 for 30 minutes at room 
temperature. Optical density was measured at 405 nm. For each experiment a positive control, anti-beta 2 

15 microglobulin at 5 ug/lml, was reacted with normal human kidney membrane. This gave an optical density of 
1.0 t 0.1 (standard deviation). The background was 0 * 0.1 optical density units (O.D.) using medium 
without mouse monoctonal antibody. Wells tiiat gave a reaction on the breast cancer membrane extract of 
greater than 0.7 OD. were saved. 

For ttie indirect immunofluorescence cell line assay 100.000 breast cancer cells of tiie immunizing cell 

20 line were placed overnight with appropriate media In each chamber of a set of eight chambered slides. 
Similarly, 100.000 fibroblast cells from cell line CC85 were incubated overnight in chambered slide wells. 
The cells wer© washed with PBS containing 1% BSA. The wells, both breast cancer and fibroblast, were 
incubated for 30 minutes at 4*'C wltii 1:10 dilutions of hybridoma supernatant The cells were again washed 
and incubated 30 minutes at 4»C with a 1:50 dilution of fluorescein isotiiiocyanate (FrrC)-conjugated goat 

26 f{ab% anti-mouse Ig. The cells were washed ttiree times, fixed in 1.5% fomnaWehyde In PBS for five 
minutes, and the chambers removed and rinsed In PBS. The slides were tiien mounted in a composition 
contanlng polyvinyl alcoiwi, glycerol, buffers and a preservative and examined with a fluorescence 
microscope. Hybridonrm wells showing strong fluorescent binding to the breast cancer cells but no 
fluorescent binding to fibroblasts were saved. Five thousand one hundred fifty-six hybridoma wells revealed 

30 breast cancer reactivity In the Initial screen. 

Supematants from tiie 5156 positive wells were tfien tested in solid phase EUSA witti seven nomtal 
tissue membrane extracts (liver, lung, coton, stomach, kidney, ton^l, and spleen). Any welt supernatant 
giving an EUSA O.D. greater tiian 0.3 was discarded. One tiiousand one hundred one of the supematants 
were found to be unreactive with the normal tissu extracts. 

36 The 1101 hybridoma supematants were tested on frozen sections of human breast carcinoma tissues. 
Six micron sections were attached to slides, fixed 10 minutes In acetone at 4*C. dried 10 minutes at room 
temperature, washed with PBS, bk)cked with horse serum and Incubated 20 minutes at room temperature 
wftii 100-200 ul neat hybridoma supernatant The sfides were washed with PBS. and finally incubated 20 
minutes at 37»C witt> a 1:50 dilution of peroxidase conjugated rabbit anti-mouse Ig. washed again witii PBS. 

40 and finally Incubated 7.5 minutes at 37»C with 0.5 mg/ml dlaminobenzidine in 0.05 M Trie buffer pH 7.2 
containing 0.01% hydrogen peroxide. The slides were stained witit hematoxyfin, dehydrated and mounted In 
a medium containing 35.9% mettiyl/h-butylmethacryiate copolymer, 7.1% butyl benzyl phthalate, and 0.3% 
2.6-ditertbutyl-p-cresoi. One hundred twenty-four wells yielded breast cancer selecth/e binding and were 
cloned. 

45 

Purification and Class Detenmination 

Immunoglobulin class and subclass of tiie monoclonal breast cancer selective antibodies were deter- 
so mined by an immunodot assay essentially tiie same as tiiat described in McOougal et al., J. Immunol. Meth. 
63:281-290 (1983). Antibodies were also internally labeled by growing 2-3 x 10^ hybridoma cells for four 
hours in mettiionlne-free medium containing 02 iiCI ^ mettiionine. ^^s^abeled antibodies were im- 
munopredpitated with fixed staphytococcus A cells, or with fixed staphylococus A cells precoated with 
rabbit anti-mouse Immunoglobulin, and tiie Immunopreclpltates were analyzed by SDS-PAQE to determine 
56 antibody light and heavy chain mobility, lack of extra chains, and tfie ability of each antibody to bind 
staphylococcal protein A. 
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The antibodies were expanded in vivo. Balb/c or F1 (C57B/6 x Balb/c) mice were primed with 0.5 ml 
pristane Intraperitoneally (ip) and after 10-14 days Inoculated with one million log phase hybridoma cells In 
PBS. Ascites fluid was stored at -70**C and thawed and filtered through a 0.8 micron filter unit before further 
purification. 

6 Some IgG antibodies that bound staphylococcal protein A were purified by affinity chromatography on 
protein A-chromatographIc resin containing either agarose, dextran and/or acrylamide with pH step gradient 
elution. IgG antibodies that did not bind protein A were precipitated by addition of ammonium sulfate to 
40% saturation, at 0*C or by binding to DEAE. Altematively. IgG antibodies were purified by chromatog- 
raphy using a Sephacryl S-200 column, followed by DEAE cellulose. 

70 The precipitates were redlssoh^ed in PBS, cfi^sed to 20 mM Tris pH 7.2 and chromatographed on a 
1.6 X 50 cm column of diethylaminoethyl cellulose (DEAE) eluting witti a 1.5 titer 0-600 mM NaCI gradient 
at 4"C at a flow rate of 1 ml/min. In each case, column fractions were monitored by SDS-PAGE and the 
purest antibody fractions were pooled, concentrated to 1-3 mg/nti, dialysed to PBS/0.02% NaNs, and stored 
at4»C. 

IS IgM antibodies were purified by gel filtration material on a 2.6 x 40 cm column of Sephacryl S-300 or 
otfier gel filtration or resin containing agarose, dextran and/br acrylamide, eluting with PBSyD.01% sodium 
azide at room temperature at a flow rate of 1 ml/hiin. 



20 Selectivity Determination 

For evaluation of tiieir selectivity for breast cancer, tiie purified antibodies were tested by immunoperox- 
idase section staining on sections of sixteen normal tissues, and by immunofiuorescent cell sorting on five 
blood cell types. Immunoperoxidase staining was perfonned as above except that known dilutions of 

25 purified antibodies in PBS in the range (tf 1-40 ug/ml were used instead of hybridoma supematants. The 
pure antibodies were first titrated to find the minimal concentration giving strong immimoperoxidase staining 
on breast cancer sections and then used at the concentration for the normal tissue tests. Peripheral bood 
cells (platelets, lymphocytes, red blood cells, granulocytes, and monocytes) were prepared by centrifuga- 
tion using a medium which separates monocytes from polymorphonuclear leuJcocytes. The cells were 

30 reacted witii antibody at the optimal concentration detennined above for 30 minutss at 4''C, washed, 
reacted witti a 1:50 dilution of fluorescein IsotMocyanateconjugafted goat anti-mouse Ig for 30 minutes at 
4"0, washed again, and ^amined In a cell sorter. The wash buffer and diluents were PBS witti 1% gelatin 
and 0.02% sodium azide. The cell sorter was equipped witti a 76 micron nozzle and a one watt argon Ion 
laser at 488 nm. An 80 mm confocal lens was used on flie optical rail assembly for focusing. Otfier filters 

35 used were a 515 nm interference fitter and a 515 nm absorbance filter (for scattered laser light) and a 
neutral density 1.5 filter for fonvard angle light scatter, (^tour plots of log fluorescein fluorescence versus 
forward angle light scatter were used for sample analysis. No blood cell types showed delectable binding. 

The binding behaviors of tiie prefenred antibodies of tiie second dass herein are reported In Table I 
below. The following abbreviations are used to denote structures bound by tiie antibodies: Ac, adni; G, 

40 glands; T, tubules; D, ducts; L, lumen; W, sweat glands; E, epitiiellum; S. sebaceous glands; Gr, 
granulocytes; Mk, megaicaryocytes; M. macrophage: Ly, lymphocytes; Bl. Basal layen F^. focal epttheKum; 
A, alveolar lining cells; B. Bowman's capsule; Mu, muscle; and I. islets; H, hair foRicles; U, glomeniii; and V, 
vessels/endothelial. 

45 
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Breast Cancer Cell Binding Range Determination 

Antibodies were further evaluated for range of breast cancer cell line recognition by im- 
munofluorescence assays on 14 breast cancer cell lines. Table II below reports the results of these tests for 
the preferred antibodies herein of the second dass. 
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Non-Breast Cancer Binding of Monoclonal Antibodies 

Fmaliy. the antibodies were tested by immunoperoxidasd staining on eleven non<*breast malignancies. 
The results for the preferred antibodies herein for the second class are reported in Table III below. The 
numbers are the same as designated in Table I 
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The tumor breast cancer range, breast cancer cell binding range, and blood cell binding and selectivity 
characterrstlcs for the monoclonaf antibodies according to the Invention are summarized in Table IV. 



TABLE IV 



MAB Candidates 





Rl nnd 


Ti iftirtp 


Pol 1 
Uc i 1 




MAB 


Cells 

WW lid 


rvaifytr 


Konge 


be lecti vity 


2G3 

Im VJI W 


0 


1 nn 


1 nn 


A A^O 

0*078 


9C6 


n 
u 


u»oo 


n CI 

U.3/ 


A Af O 

0.063 




n 
u 




u. 79 


□•078 




n 




n "71 
□ •71 


□•063 




n 




□•14 


□•070 




n 
u 


U*D/ 


□•00 


0.023 


o/ n/ 


n 
u 




u«oo 


0.078 




n 

u 


U*oO 


□•86 


0.086 




n 
u 


yJm 14 


0.79 


0.047 




n 
u 


u»o/ 


□ •57 


0.047 


1dnA7 


u 


U. /I 


□•36 


0.070 


200FQ 


n 
u 


n C9 


□• 71 


0.031 


203E2 






U»OD 


0.055 


219F3 


n 


U«oO 


U«OD 


0.086 


245F7 


n 
u 


X*UU 


1 Art 


0.070 


254H9 


n 

u 




U»9Z 


0.064 


260F9 


ri 
u 




A AO 

□•92 


0.089 


266B2 


0 

w 


0 71 

U« / X 




n n7n 


317G5 


0 


0.43 


0.77 


0.055 


369F10 


0 


0.81 


0.17 


0.023 


387H9 


0 


0.29 


0.91 


0,086 


421E8 


0 


0.81 


0.57 


0.055 


451C3 


0 


0.38 


0.91 


0.070 


452E12 


0 


0.52 


0.00 


0.023 


452F2 


0 


0.24 


0.55 


0.000 


454A12 


0 


0.29 


1.00 


0.031 


454C11 


0 


0.76 


0.75 


0.078 


457D7 


0 


0.55 


o.lo 


0.039 


520C9 


0 


0.25 


0.40 


0.008 


650E2 


0 


0.86 


0.90 


0.008 


697B3 


0 


0.81 


0.88 


0.070 


741F8 


0 


0.18 


0.63 


0.000 


759E3 


0 


0.14 


0.78 


0.008 


78866 


0 


0.62 


0.83 


0.016 



Antibody Affinity Antigen Density 

Several of the antibodies whicii may be employed herein were iodinated and tested for binding to MCF- 
7, CAMA1, SKBR3, or 2R7530 cells. The antibodies were labeled with using chloramlne T to a specific 
activity of approximately 10 uCI/ug. To determine immunoradlochemical purity, 100,000 cpm of two of the 
labeled antibodies in 0.5 ml fetal calf serum was serially absorbed with five allquots of target cells for 15 
minutes at O'^C (generally 4,000.000 cells per anqtioQ, and the remaining radioactivity In the supernatant 
after each absorption was detenmined. 
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For measurements of association constants, known concentrations of labeled and unlabeled monoclonal 
antibodies were incubated with target cells in fetal calf serum for 15 minutes in ice. Allquots of the 
cell/antibody mix were then counted In a gamma counter or filtered through Microfold filter plates (V & P 
Scfenllfic) and the filters counted. To account for unbound antibody retained in liquid on the filters, controls 
containing the same concentrations of antibody, but no cells, were done In parallel. Association constants 
and antigen copy number per target are calculated from the affinity test results and are reported in Table V 
below. 



TABLE V 



Affinity and Antigen Copy Number Qf MABs 



MAB 


n_ 


2G3 


3700000 


9C6 




32A1 




33F8 




35E10 




41B4 




87H7 




106A10 




113F1 


2300000 


120H7 


210000 


140A7 




200F9 




203E2 




219F3 




245E7 




254H9 




260F9 


30000 


266B2 


80000 


317G5 


3200000 


369F10 




387H9 




421E8 




451C3 


400000 


452E12 




452F2 


250000 


454A12 


470000 


454C11 


390000 


457D7 




520C9 


500000 


650E2 




697B3 




741F8 




759E3 




788G6 





Ka 



1.1x10? 
6.2x10^ 



s.oxio; 

2.7xl0f 
1.6x10^ 



6.8xl0f 
1.2x10° 
4.8x10' 



Cell Line 



9.1x10^ MCF7 



MCF7 
MCF7 



MCF7 
MCF7 
CAMAl 



1.4x10^ MCF7 



SKBR3 

MCF7 

ZR7530 



8.2x10^ SKBR3 
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Oharactefization of Antigen Specrfictty 

For identifying the antigens recognized by the monoclonal antibodies, immunoprecipitation of the 
antigens was carried out aca>rding to the following method. Bght mm diameter polystyrene balls (Precision 
Plastic Ball Co.) were covered with 10% fuming nitric acid in glacial acetic acid and were incubated for 
three hours in a 50*C water bath. Following the acid treatment, the balls were rinsed three times with 
distilled water, covered with 1% sodium dithionlte in 0.1 M NaOH and incubated three hours in a SO'^C 
water bath. The balls were again rinsed three times with distilled water, covered with 0.1% 1-6thyl-3-(3- 
dimethylaminopropyl}-carbodnmide (EOAC). 0^% suberic acid (suberic acid dissolved In dimethylfor* 
mamide) and incubated overnight at room temperature. The balls were rinsed three times with distilled 
water, and marked for Identification. 

Purified monoclonal antibodies were diluted 0.2 mg/ml in 2-(N-morphonno) ethane sulfonic acid buffer, 
and the previously treated and mari(ed polystyrene balls were placed in Individual tubes and covered with 
450 microliters diluted antibody and 50 microliters of fresh 1% EDAC. Tubes were capped and incubated at 
25*'C for 24 hours. Following this Incubation, the balls were rinsed twice with PBS and were either used 
fresh or were stored for several days at 4*^0 before use. 

Freshly labeled target cell extracts were prepared from human breast cancer cell lines labeled wth 125- 
I by the lactoperoxidase method of Marchalonis, J., "An Enzymic Method for the Trace lodination of 
Immunoglobulins and Other Proteins", Blochem. J. 113:299-305 (1969). or with 35-S by growth in 36-S 
methionine. The labeled cells were dissolved In solubiilzafion buffer (1% (v/v) Triton X-100, 150 mM NaCI. 5 
mM EDTA, 25 mM Tris-HCI, pH 7.5). Four parts of labeled extract were mixed in a vessel with one part 
solubiHzation buffer containing 50 mg/ml bovine serum albumin, to give a final concentration of 10 mg/ml 
BSA. The balls coated with monoclonal antibody were added to the vessel and were incubated four hours 
on Ice with shaking. Labeled antigen was pipetted from the vessel and the bails were rinsed four times with 
solublpzation buffer. The balls were then removed, placed in indlvMual tubes with 100 microliter Laemmll 
SDS gel sample buffer, and were Incubated three minutes in boiling water. The balls were removed and the 
samples were run on an SDS gel with appropriate standards. 

Immunoprecipitation tests on the antibodies indicated that five of them (454C11, 452F2, 520C9, 741 F8, 
and 759E3) all bind a monomeric protein of about 200 K daitons found, in cancerous breast tissue. Two of 
the five (520C9 and 741 are believed to recognize the same epitope on the 200 K dalton protein. 
454C11 and 759E3 bind a second epitope on the same antigen, and 452F2 binds a third epitope on the 
same antigen. Four of the antibodies (41 B4, 87H7, 452E12. 457D7) bound to a 240 K daitons intracellular 
antigen. Seven antibodies (263, 200F9, 203E2. 245E7, 3e9F10, 697B3 and 788G6) bound to high molecular 
weight mucins (HMW). Two antibodies (451C3 and 454A12) bound to transferrin receptors In the form of a 
95.000 dalton antigen. Neither 451C3 nor 454A12 bloci^d binding of transfenin to the receptor. The antigen 
binding characteristics of the monoclonal antibodies according to the invention are summarized in Table VI. 
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TABLE VI 



10 



IB 



20 



25 



90 



36 



40 



MAB 

2G3 

9C6. 

32A1 

33F8 

35E10 

41B4 

87H7 

106A10 

113F1 

120H7 

140A7 

200F9 

203E2 

219F3 

245E7 

254H9 

260F9 

266B2 

31765 

369F10 

387H9 

421E8 

451C3 

452E12 

452F2 

454A12 

454C11 

457D7 

520C9 

650E2 

697B3 

759E3 

78866 



Antigen 

HMW Mucin 
70 K 

66 K 

80 K 
240 K 
240 K 
55 K a 

40, 60, 100, 200 K 
Very Diffuse 
HMW Mucin 

61ycolip1d (pentasaccharide) 
HMW Mucin 
HMW Mucin 

HMW Mucin 

55 K b 
55 K b 

42 K c 
HMW Mucin 

40 K 

Transferrin receptor 
240 K 
200 K 

Transferrin receptor 
200 K 



240 
200 
42 
200 

200 



K 
K 
K 
K 
K 



HMW Mucin 



45 



SO 



a 

b 



Different epitope than that bound by 260F9 and 266B2 

^^I^ocfno ^P^^^ope t^ia" that bound by 106A10; both 260F9 
and 266B2 appear to bind to same epitope 



c » Cross block each other 



55 



Antibody Isotype 

Antibody isotype was dstemiined as follows: A grid of Snnin squares was lightly drawn in pencil on the 
nitrocellulose sheet and l^nl droplets of antiisotype sere (LHton Bionetics, Kensington. Maryland, rabbit 
antisera to mouse *. X. o. -yl, 72a. 72b, 73. and u chains) were applied so that each row of squares 
received one spot of each heavy and light chain reagent The sheet was incubated one hour at room 
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temperature in a moist chamber, rinsed quicldy in PBS-BSA, containing 1% (w/v), and left overnight in PBS- 
BSA at 4"C. Str^ were cut apart wHh a scissors and stored at 4'C in PBS^A containing 0.02% sodium 
azide. Altennalively. strips were eirKlried and stored desiccated at 4*C. A series of small tubes was 
prepared containing 3 ml hybridoma culture supernatant or supernatant diluted with PBS-BSA. 1:10 dilutions 

6 were generally successful; and some supematants can be diluted as much as 1:200. A nitrocellulose strip 
was incubated In each tube for one hour at room temperature. The strips were rinsed three times in PBS- 
BSA and incubated for one hour at room temperature In diluted rabbit anti-mouse-horseradish peroxidase. 
The strips were rinsed twice in PBS-BSA and twice in Tris buffer. The strips were placed in Tris buffer 
containing diaminobenzidine and hydrogen peroxide until sufficient color developed on the anU-isotype 

70 spots (usually 3-4 minutes). The antibody isotypes are indicated in Table VII. 



TABLE Vn 



rs 



Isotype of NABs 



MAB 



Isotype 



so 



263 

9C6 

32A1 

33F8 

35E10 

41B4 

87H7 

106A10 

113F1 

120H7 

140A7 

200F9 

203E2 

219F3 

245E7 

254H9 

260F9 

266B2 

317G5 

369F10 

387H9 

421E8 

451C3 

452E12 

452F2 

454A12 

454C11 

457D7 

520C9 

650E2 

69783 

741F8 

759E3 

78866 



61 

M 

61 

61 

M 

61 

61 

61 

63 

M 

M 

61 

61 

61 

61 

M 

61 

61 

61 

M 

61 

61 

61 

61 

61 

Gl 

G2A 

61 

61 

61 

61 

61 

61 

61 



25 



30 



40 



50 



55 
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B.ILr2 

The recombinant IL-2 employed in this example is des-alaHL-2seri25- The amino acid sequence of this 
IL-2 differs from the amino acid sequence of nalTve human IL-2 in that It lades the initial alanine of the native 
5 nwlecule, and the cysteine at position 1 25 has been changed to serine. Samples of E coH that produce this 
IL-2 have been deposited by Cetus Corporation In the American Type Culture Collection. 12301 Parklawn 
Drive, Rockville. Md. USA on September 26, 1983 under accession number 39,452 and on March 6. 1984 
under accession number 39.626 under the provisions of the Budapest Treaty. 

The IL-2 was processed and purified as described in the text and Rgure 1 of copending U.S. Serial No. 
10 715.152 filed March 21 , 1985. the disclosure of which is Incorporated herein by reference, except that the in 
vlfro disulfide bond fonnation was canied out using cupric chloride, as described In U^. Patent Na 
4,572.798 rather tiian o-iodosobenzoate. When the IL-2 was recovered from ttie chromatography step(s) it 
was iyophilized and resuspended in a neutral aqueous buffer. The purity of the recombinant IL-2 after the 
chromatography step(s) was at least about 95%, and the IL-2 contained less than about 0.02 ng/ml 
15 endotoxin as detenmined by the Limulus amebocyte assay. 

The purified IL-2 was formulated at a concentration of 0,3 mg/ml with 50 mg/ml mannftoL 



C. Model 

20 

The Intraperitoneal mouse tumor model OVCAR 3. a human-derived ovarian celi line from the National 
Institutes of Health (Dr. Hamilton) and available from the American Type Culture Collection. Rockville. MD is 
employed. 

26 

D. Subcutaneous Xenograft 

Female immunocompetent mice (Charies River Laboratories. Inc., Wilmington. MA) are treated. 5 per 
group, subcutaneously with the OVCAR-3 modeL Tumors are measured on days 0, 3, 10, 14 and 17. 

30 

E. Results 

IL-2 alone, one of the breast cancer antibodies 280D11. 520C9, or 454A12 alone (identified in Table X 
35 below), and IL-2 in conjunction with the antibody may be injected intravenously Into the mice on the first 
day after tumor Implantation (Day 1) or on the third day after tumor implantation (Day 3) with tiie dose and - 
schedule indicated in Table Vlil. 
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TABLE VIII 



Agent Cs) 



Dose/k^ 



Schedul e 



PBS 



Daily for 14 days* 
begin at Day I post- 
. implant 



IL-2 alone 



3J5.7.5 X 10^ U/kg 



Dally for 14 
days-begin at Day I 



Monoclonal antibody 
28001 U 52tt9 or 
454A12 alone 



25-50 mg/kg 



Once every 2 or 3 
days for 14 days- 
begin at Day 1 or 3 



IL-2 and 

280D1U 520C9» or 
454A12 



3,75-7*5 X 10^ U/kg 



Daily for 14 days- 
begin at Day 1 



25-50 mg/kg 



Once every 2 or 3 
days for 14 days- 



begin at Day 1 or 3 



The maximum tolerated dose of IL-2 was found to be between 50 and 100 KU of IL-2 given daily to 
nude mice for 14 days and 150-200 KU IL-2 given daly to Immunocompetent mice for 14 days. 

The administration of the combinafion of agents as provided in Table Vlli Is expected to reduce tumor 
growth greater than the administration of either agent alone, although no work has been actually done 
confirming such results. 

When the experiments were repeated using only 10 KU of IL-2 and 500mg of 280D11 administered 
twice daily for 3 days at Day 4, no effectiveness was seen. The dosage and scheduling must be adjusted to 
obtain efficacious results, Le., the maximum tolerated dose of each component must be determined and 
then a schedule of twice daily for at teast 10 days must be followed. Each type of cancer and antibody 
require different dosages and schedules, to be detemiined by routine ^eperimentation. 

In an alternative scheduling to that given in Table Vlir, the maximum tolerated dose of IL-2 may be 
administered alone for one week daily Intraperitoneally (ip) or intramuscularly (im) near the tumor, followed 
by administering one-half the ma)dmum tolerated dose of iL-2 and the maximum tolerated dose of the 
antibody as separate intravenous boluses. 



DIMPLE II 

A. Preparation of Ricin A Chain 

A soluble recombinant ricin A which requires no solubilization to be subjected to purification and to 
display cytotoxicity was prepared as follows. When the coding sequence for ricin A was placed in direct 
reading frame with the DNA encoding leader sequence of phoA to fonn a putative fusion peptide, so that 
the leader sequence is the N-terminal portion of a leaderyricin A chimera, the ricin A sequences so disposed 
result In the soluble cytotoxic material. 

Expression vectors containing the genes for the precursor proteins contained In pRT3 (ATCC Deposit 
No. 67.027, deposited March 7, 1986). pRT17 (ATCC Deposit No. 67.026. deposited March 7, 1986), and 
pRT38 (ATCC Deposit No. 67,025, deposited March 7, 1986) or their mutagenized forms were constructed. 
Transfomning host cells with these expression vectors resulted in solubilization of the precursor protein 
encoded. The arg-arg modified precursor was cleaved with trypsin; the A and B portions of the precursors 
were produced as separate proteins, as herein described. 

In the phoA expression system, the essential component is the terminated phoA leader sequence 
upstream of, proximal to. and out of frame with the ridn A encoding sequence, wherein the ricin A encoding 
sequence is initiated by an ATG codon. The two coding sequences must be, of course, provided with a 
compatible bacterial promoter, which was the phoA promoter already associated with the leader. Addition- 
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ally, production was Improved in the presence of a positive retroregulator sequence wtiich was the positive 
retroregulator sequences associated witli the crystal protein of B. thuringiensis . which arB described 
extensively in European Pubfication 174,785 published March 19. 1988. This was provided on bacterial 
transport vectors which Included replicons and selectable markers. 

5 The vectors were then used to transfonfn a suitable procaryotic host, which was grown under conditions 
suitable for the particular host chosen, most frequently under conditions whereby the promoter placed in 
control of the expression system was suppressed. 

The production of the ricin A was then induced by providing conditions which effect expression under 
control of the chosen promoter and the production pennltted to proceed for sufficient time to effect a 

10 desired accumulation of product The protein product was then Isolated by disrupting the cells and the 
cellular debris was removed. The ricin A produced was then further purified using standard techniques 
known in the art as applied to freely soluble proteins. However, the efficiency of the extraction and 
purification was enhanced by treating partially clarified extract with phenyl sepharose. The solubiBty of the 
ricin A in the sonicate (once separated from the membrane or other associated materials) was shown by its 

76 abirity to remain In the supernatant when the sonicate was subjected to centrifugation at high speed, 
100,000 X g for 30 minutes, to spin down insolid>le proteins. 

A total of 2 ml of this soluble ricin A (at 9.0 mg/ml) was reduced by adding 2 uJ of fresh iS- 
mercaptoethanol (to 0.1%) and incubating at room temperature ovemight. The 2 ml of reduced ricin A was 
applied to a desalting column equilibrated with 0.10 M sodium phosphate pH 8.0. followed by 0.5 ml of 

20 buffer to make 2.5 ml sample appOcatton volume. The next 3.0 ml of eluate (buffer was appfied) was 
collected as desalted ricin A. 



B. Conjugation of Ridn A to Antibody 

25 

A cell Une producing an anti-breast monoctonal antibody designated 520C8. described more fully 
above, was deposited as Accession No. HB8W8 on January 8. 1985 in the American Type Culture 
Collection (ATCC), Rockville, MD. This antibody was reacted with 5.5'-dlthiobis-(2-nitroben2oic acid) at room 
temperature and tiien chilled, and tii^n sufficient 2-iminothiolane (IT) was added to give ZS IT molecules 
30 per antibody molecule. 

A total of 166 ul of propylene glycol was added to 0.84 ml of the rr-derivatized antibody. The 2.32 ml 
of ridn A chain described above was added to initiate the conjugatton reaction. The mlxtwo was incubated 
at room temperature for two hours. 

The conjugation reaction mixture was applied to a sizing (gel filtration) HPLC column using an eJuting 
36 buffer of 0.15 M sodium phosphate, pH 8.0. A total of 78% recovery of tiie purified immunoconjugale was 
obtained from the column. 



C.ILr2 

The recombinant iL-2 employed In tills example Is des-alarlL-2«ri25. The amino add sequence of ttiis 
IL-2 differs from tiie amino add sequence of native human IL-2 in tiiat it lacks tiie initial alanine of the native 
molcule, and ttie cysteine at position 125 has been changed to serine. Samples of E. coH tiiat produce tills 
IL-2 have been deposited by Cetus Corporation in tiie American Type Culture Collection. 12301 Paridawn 
45 Drive, Rockville, Md. USA on September 26. 1983 under accession number 39,452 and on March 6, 1984 
under accession number 39.626 under tiie provisions of ttie Budapest Treaty. 

The IL-2 was processed and purified as described In ttie text and Figure 1 off U.S. Patent No. 4,604.377, 
except that tfie in ^tro disulfide bond formab'on was cammed out using cupric chtoride, as described In U.s! 
Patent No. 4,572.798 rattier tiian o-iodosobenzoate. When ttie IL-2 was recovered from tiie chromatography 
50 step(s) it was lyophilized and resuspended in a neutral aqueous buffer. The purity of ttie recombinant IL-2 
after ttie chromatography step(8) was at least about 95% and ttie IL-2 contained less ttian about 0.02 ng/hil 
endotoxin as determined by the Limulus amebocyte assay. 

The purified IL-2 was fbnmulated at a concentration of 0.3 mg/ml wrtti 50 mg/ml mannltol. 

56 



29 



0 256 714 



a Model 

The target cells employed are murine tumor P388 leidcemia cells, obtainable from the American Type 
Culture Collection, Rodcvilie, MD. 

5 

E Subcutaneous Tumor injection 

The tumor cells are harvested from culture suspensions Inoculated subcutaneously (sq) or in- 
70 traperitonealty Qp) into the appropriate type of mouse. 



F. Results 

75 IL-2 alone, the immunotoxfn described above alone, and IL-2 with the Immunotoxin may be admin- 
istered Intraperitoneally to the mice, i)eginning one day after tumor implantation (Day 1). with the dose and - 
schedule Indicated in Table Vlli. 

TABLE VIII 

20 

Agent (s) Dose/kg Schedule 

PBS 

^ IL-2 alone 3.75-7.5 x 10^ U/kg Daily for 14 days- 

begin at Day 1 post- 
implant 

^ Immunotoxin alone 100 vg/kg Dally for 7 days- 

begin at Day 1 

IL-2 3*75-7.5 x 10^ U/kg Daily for 14 days- 
and begin at Day 1 

35 Immunotoxin 100 pg/kg Dally for 7 days- 

begin at Day 1 

The maximum tolerated dose of IL-2 was found to be between 50 and 100 KU of IL-2 given daily to 
nude mice for 14 days and 150-200 KU of IL-2 given daily to immunocompetent mice for 14 days. The 

49 administration of the combination of agents as provided in Table Vill is expected to reduce tumor growth 
greater than the administration of either agent alone. 

in an aitemative scheduiing to that given in Table Vill. the maximum tolerated dose of IL-2 may be 
administered alone for one week daily Ip or im near the tumor, followed by administering one-half the 
maximum tolerated dose of IL-2 and the maximum tolerated dose of the immunotoxin, as separate 

40 Intravenous boluses. The dosage and scheduling must be adjusted to obtain efficacious results. Bich type 
of cancer and immunotoxin will require different dosages and schedules, to be detenmined by routine 
experimentation. 



50 EXAMPLE III 

An immunotoxin {\MT) was constructed as described in Example II except that an anti-breast mon- 
oclonal antibody designated 260F9, described more fully above (deposited as ATCC No. iHB-84d8)was 
employed instead of ^0C8. The resulting immunotoxin was diluted in saline and 0.01% mouse serum 
55 albumin. 

The IL-2 employed was the same as Example II. The target cells employed were human breast 
carcinoma cells from a cell Rne designated MX-1 obtained from the National Institutes of Health. The tumor 
cells were implanted sq into nude mice. 
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The scheduling and dosing were as follows. The immunotoxin was administered every other day for a 
total of six times intravenously at 3.5 ug/20g mouse and 7.0 ag/20g mouse. The lL-2 was administered 
daily for nine days Intraperitoneally at 10 kilounits/dose and 100 kilounits/dose. Both started on day 0 (the 
seventh day after implantation of the tumor) and had overlapping schedules when administered concomi- 
tantly. The results are shown in Table DC l^low: 

TABLE IX 



Group 


ABVI* 


Deaths 


ATW** 


XT/C**^ 


IL-2 












1.03 


0/5 


15.0 


76 


lOOKu 


1.14 


1/5 


9.3 


47 


IMT 










3.5|ig 


0.98 


0/5 


9.4 


47 


7.0ug 


0.92 


0/5 


4.7 


24 


Combination 










10 KuIL-2/3.5 u9 IMT 


0.92 


0/5 


12.9 


65 


100 Ku IL-2/ 3. 5 yg IMT 


0.95 


1/5 


11.3 


57 


10 KuIL-2/7.0 yg IMT 


0.75 


2/5 


3.6 


18 


100 KuIL-2/7.0 yg IMT 


0.86 


2/5 


0.9 


4 


Saline Control 


1.09 


0/5 


19.8 


100 



*ABW is change in body weight as measured by the ratio of mean body 
weight (in g) at 14 days after treatment to mean body weight (in g) at 
the start of treatment. 



is 



**ATW 
tumor 

(in mm^) at the 



volumes as measured by the ratio of mean 
at 14 days after treatment to mean tumor volume 
start of treatment. 



change in tumor 
|olume (in mm*^) 



♦**iT/C is 
vol umes . 
inhibition) 



the ratio of 
(e.g., iT/C = 



treated tumor volumes to 
40 means there was 60% 



control tumor 
tumor growth 



The results indicate that the combination was approximately additive with respect to its antitumor 
effects; toxicities were enhanced slightly. Alteratfon of the dose/lroute/^chedule may alter the efficacy and 
toxicity results. 

The monoclonal antibody-producing hyljridomas listed t)elow were deposited with the American Type 
Culture Collection (ATCC) or Invitro International Inc. (M) under the terms of the Budapest Treaty on the 
International Recognition of the Deposit of Microorganisms for the Purposes of Patent Procedure and the 
Regulations thereunder (Budapest Treaty). This assures maintenance of the viable culture for 30 years from 
date of deposit The hybridomas wilt be made available by ATCC or fVI under the terms of the Budapest 
Treaty, and subject to an agreement between the assignee of this application, Cetus Corporation, and ATCC 
or IVi which assures unrestricted availability upon issuance of the pertinent U.S. patent Availability of the 
deposited strains is not to be construed as a license to practice the invention In contravention of the rights 
granted under the authority of any government In accordance with Its patent laws. The assignee has agreed 
that If the cell lines on deposit should die or be lost or destroyed when cultivatad under suitable conditions, 
they will be promptly replaced on notification with a viable culture of the same cell line. 

Each hybridoma designation listed in the left column of Table X conresponds to the monoclonal 
antibody producing the designated monoclonal antibody. 
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TABLE X 

Cell Line Designation IVI Accession Number 



9C6 


IVI-10056 


41B4 


IVI-10057 


87 H7 


IVI-10059 


106A10 


IVN10060 


120H7 


IVI-10061 


200F9 


IVI-10062 


254H9 


IVI-10063 


421E8 


IVI-10064 


32A1 


IVI-10066 


35E10 


IVI -10067 


140A7 


IVI-10069 


203E2 


IVI-10070 


219F3 


IVI-10072 


387H9 


IVI-10073 


452E12 


IVI-10074 


454A12 


I VI -10075 


457D7 


IVI-10076 


697B3 


IVI-10077 


741F8 


IVI-10078 


759E3 


IVI-10079 


788G6 


IVI-10080 


451C3 


IVI-10081 


452F2 


IVI-10082 


650E2 


IVI-10083 
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Cell Line Designation ATCC Deposit Date ATCC Accession Number 



260F9 


1/27/84 


HB-8488 


2G3 


1/27/84 


HB-8491 


33F8 


1/9/85 


HB-8697 


113F1 


1/27/84 


HB-8490 


245E7 


1/27/84 


HB-8489 


266B2 


1/27/84 


HB-8486 


317G5 


1/27/84 


HB-8485 


369F10 


12/13/84 


HB-8682 


454C11 


1/27/84 


HB-8484 


280D11 


1/27/84 


HB-8487 


.520C9 


1/8/85 


HB-8696 


260F9-1C9 


11/7/84 


HB-8662 



*Th1$ clone is a descendent of 260F9 and was found to be a better 
antibody producer than 26GF9. 

In summary, the present invention is seen to provide a combination therapy for cancer using an amount 
of anti*tumor monoclonal antibody and/or immunotoxin and iL-2 together that Is pharmacologically effective. 



Claims 

1. The use of a combination of IL-2 from a mammaOan species and at least one monoclonal antibody 
that binds selectively to human cells and/or at least one Immunotoxin tiiat binds selectively to human tumor 
cells In providing a medication for the therapeutic or prophylactic treatment of tumor burden In a warm- 
blooded mammalian host 
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2. The use of claim 1 In which the IL-2 from a mammalian species and at least one monocJonaJ 
antibody that binds selectively to human tumor cells and/or at least one immunotoxin that binds selectively 
to human tumor ceils are to be administered separately. 

3. A composition suitable for parenteral or subcutaneous prophylactic treatment of tumor burden 
comprising a mixture, in phannacologically effective amounts, of IL-2 from a mammalian species and at 
least one Immunotoxin that binds selectively to cells containing the tumor burden. 

4. A composition suitable for parenteral or subcutaneous prophylactic treatment of tumor burden 
comprising a mixture, in pharmacologicaily effective amounts, of IL-2 from a mammalian species and at 
least one monoclonal antibody that binds selectively to human tumor cells. 

5. A composition according to claim 3 wherein the Immunotoxin comprises an antibody that selectively 
binds to human breast and/or ovarian cancer cells and has a G or M isotype, and wherein the cancer being 
treated Is breast and/or ovarian cancer. 

6. A composition according to claim 3 or claim 4 wherein the immunotoxin comprises an antibody that 
is selected from tiie group consisting of. 260F9. 280D11. 245E7. 520C9. 113F1. 266B2, 454C11, 2Q3, 33F8, 
317Q5, 3e9F10, 9C6. 35E10. 106A10. 3a7H9, 421E8, 451C3, 4S4A12. e50E2, 741F8. 759E3, and antibodies 
that are funcBonafiy equivalent to a member of said group and wherein the Immunotoxin comprises a 
recombinant ricin A chain. 

7. A composition according to any one of claims 3 to 6 wherein ttte IL-2 is human IL-2 and the 
composition further comprises a pharmaceutically acceptable carrier medium 

a A composition according to any one of claims 3 to 7 wherein ttie IL-2 is mature human IL-2, des-alar 
lL-2,^26 f des-alai-IL-2,i.io4««ri2B. IL-2Mri8s . IL-2ri.io4» IL-2^t(M«rt25. des-alailL-2, or de8-alailL-2,i„04. 

9. IL-2 from a mammalian species and at least one immunotoxin that binds selectively to cells 
containing ttie tumor burden and/or at least one monoclonal antibody tiiat binds selectively to human tumor 
cells for use in a mettiod for tiierapeutic or prophylactic treatment of tumor burden in a warm-blooded 
mammalian host comprising administering to said host a phannacologically effective amount of a combina- 
tion of said IL-2, lmmunotoxin(s) and/or antibodyCies) optionally wtth ttie components of said combination to 
be administered separately to the host 

10. IL-2 and immunotoxin and/or antibody according to Claim 9 wherein the immunotoxin comprises a 
recombinant ridn A chain conjugated to a monoclonal antibody ttiat trfnds selectively to human breast 
and/or ovarian cancer cells and has a G or M isotype, and wherein ttie tumor burden being treated is breast 
and/or ovarian cancer. 

11. IL-2 and immunotoxin and/or antibody according to claim 9 or daim 10 wherein ttie antibody is 
520C9 or 260F9 and ttie host is human. 

12. IL-2 and immunotoxin and/or antibody according to any one of claims 9 to 11 wherein ttie 
combination Is administered in repeated doses. 

13. A process for ttie preparation of a composition suitable for parenteral or subcutaneous administra- 
tion to mammalian hosts for ttierapeuttc or prophylacttc treatment of cancer comprising mixing togettier or 
fomnulating for such use IL-2 from a mammaHan species and at least one monoclonal antibody ttiat binds 
selectively to human tumor ceUs and/or at least one immunotoxin ttiat binds selectively to human tumor 
cells. 
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